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HASEEN 134T . X e 5 (VR 3R S AR A2l i vl
A7 Ji Lorenz RA B MG H 1), KZBAGEMWE
B B0 1547 R, PRI E T Lorenz
ARGt

B2, bR i 1 Lorenz 2 4t J H R

i Lorenz & 4t 1] % K IE Lyapunov $& £ 1 311,
VR R G002 3 B B LR R RS, R AR T E
Z AR G B R e RIPENE T2 M. A
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MIELT I8 5 Fros B0 a8 RORE, A0
WCAIHT 2 S8 AR B (R R i R 5| 7 AR 9 AR I 51 4,
HA R Mt MBI, XRZ RG] & A
TRIRE.

4 FrRAR T A F A AT

M FRGE Bl 15 A B R, AR SO R 3 ) R
ARG HATHERAVA, FFHER T ES B SR
Lorenz R 4: 2 [A] i 2 14

4.1 MIRMESFERM

b P A ST W RS, AFAE— D RRRAR
S (r,y,2) = ( z, y,2), F%ZRFAELH
SHER TS RAAZN. F, RgGEKT Z
HORR. BRI RAAERUE, AT R R R
BriNY

dr 0y 0z
V=t ot o
= a b<0, 9)

REWRE Ha+ b > O, B RGEAREFEH; =
VIS8 a =20, b =9, c =25 d =158, UH

atb =29, WUIHI AL LB HR N T IR 2
WARAT 0, FFDIRETER AV /dt = o 2 e8]
F I, H RGN IR S A R
Fia £,

4.2 FEHESREM

N T RBUH R G A, 4 da/dt =
dy/dt =dz/dt =0, B Fa(ldy z)=0,cx zz=
0,22 bz =0, T/2A1F 23 RGEHF4 55002
(0,0,0),(£v/be, + Vbe/d, ¢). SRS EL T
Z4;, H Jacobian 554N

a ad 0
J=1¢ 2z 0 x| - (10)
2¢ 0 b

WRAE (10) 3, WA RIRFAL T FE
N4 (a+ b))\ + (ab+ad(z )\
+ 22%ad + abd(z  ¢) = 0. (11)

Pa=20,b=9 c=25d=15I, IRGH=
AP 5 43 3R S1 = (0,0,0), S2 = (15,1,25)
MS3 = ( 15, 1,25). ¥ .51 = (0,0,0)fLA(11)
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ARG ZANFHER 7 8 A\ = —97.178, Xg =
T7.178, A3 = —9, HAFERA 2 N IEE 7, £ S1
ST s R AN R s 1200, R B, PN S2 AN S3 T
XTI 2 AL RGURFIEAR 73 51 8 A = —61.6262 1
A2,z = 16.3131 & 43.8692i. -ZF-F1fi7 15 S2 F1 S3 K

Wl 40, Fofth U A i 70 R el 2R 4 ST 1 A R e
W 1 iR,

MR TR I 5 AR R G 1) P46 s RO AR
KE, MIRAFK5H A% Bao R Tee RE UK Y
RGN AT S A AR, BV — AR E
¥R AN AR

®1RIRGTET RO E I

REG WA T4 R FRIEAR
A = —25.2425
a=10 51(0,0,0) Ao = 16.2425
[ Z % b=40 Az =—2.5
c= 5$2(10.12,10.12, 41) A = —13.4929
d=2.5 53(—10.12,—-10.12,41) A2,3 = 0.9965 + 12.2805i
$1(0,0,0) AL =20
a=20 Ao = —4X3 = —32
Bao R4t b=4 52(8v/2,8v/2,32) A1 = —23.3413
c=32 S3(—8v/2, —8v/2,32) A2,3 = 3.6706 + 14.3485i
A\ = —51.3767
w10 51(0,0,0) Ao = 41.3767
Tee 4 b =10.629 A3 = —10.6290
e 90 52(47.53, 4.47, 20) A = —19.3061
53(—47.53, —4.47, 20) A2,3 = —0.6615 % 48.3675i
AL =2
. 51(0,0,0) A = —17.1839
Y 5% b A3 = 10.1839
e— 90 52(7.0711,7.0711, 25) A1 = 6.3184
S$3(—7.0711, —7.0711, 25) Ao,z = —7.6592 + 7.219;
A1 = —97.178
a =20 51(0,0,0) Ay = 77.178
W R% =9 As = =9
c=25 52 = (15,1, 25) A\ = —61.6262
d=15 S$3 = (—15,—-1,25) A2,3 = 16.3131 =+ 43.8692:

4.3 Lyapunov iEEFN4E

Lyapunov 1 £ & fif & R 41 3l J1 = R ) —
ANEEEERR P ERA T RG] F
FH AR B IE 18] Y Sk Bl & B SF 3 4R E . FI A Y
B Runge-Kutta 77 i U {E B0 K i A S0 R &
i) Lyapunov & t, ¥ RAEYME N (1, 1, 1), £
a=20,b=09c=25FEREHHENT, i
HBE d 2246 14 Lyapunov 18 it 281 F1 R 48 (107 &
Kl a0 & 6 (a) A1 (b) BT, WG (a) W LAE H, 2
d € (0,26) B, ¥ R4 A H — 4 IEK Lyapunov &
], R TIRHGIRG; K6 (b) hBEHE dIIIE K,
R4 A B s N — AN EOR PR X, 7R TR
W RGAAEZ AW O, B 0 £5 A 5
WG, 43 7 A Lyapunov 8 80E A & 56 4 —

B 11547 8. FR S H M d = 158, B REH
Lyapunov ¥& % i i 1] 22 46 1 i 28 40 B 6 () B,
BRI R 40K IE Lyapunov #8504 7.0661.

TR 5|1 BAJE T3 2 R B B A ZE e, mT LA
FHAEECRRAE & 1 S HORE . AT 1Y) AR AL &5 1
515 HAH LA BRI BE AN AH 2 18], AT 1 1 VR
TR A K 3 450, BA 7 B4 5 0 R,
D] i 73 B A 25t 2 I W TR S B A 2T B

115 Lyapunov 45801 A 208!

1 J
dp =j+ ) LE;
|LEj1] ];

T A SO FE R 2 = 4ER i R g, i B
j = 2. FIH%RSH Lyapunov 15 #K H R Gt 4
3, WA RS Lyapunov 1580 455, B Axk4n
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Lyapunovif 4
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(a) bl d 2214 1) Lyapunov $8 503; (b) b d 401 5 2

l; (c) d = 15 M Lyapunov #54¢

4.4 SREFHIEXM S

PP IIAR SR 20 D B AR SRR AN ELAR SR, Al
73 99 A I 8] e S S A R I 2 B 2 8], A
L3I T8 P 510 AR [ B 20 B 22 T B A S 7 2 A
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ARl 1200

RIS 40T O LA T R e 2 T
AU 0 B yo, 725 PR HIRIGFEB 21 B s,
B 91 A X VKRBT 1
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)
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T H T R G0 R 1 1A DGR AR G P 9%
T, il 7 .

%2 LRSI Lyapunov $EE0M4EH

R4 YITESH Lyapunov f8%{  Lyapunov 4£%{

a = 10,
LE; =1.2132
b = 40,
YN ) LE; =0 dr, = 2.0955
c=1,
LE3 = —12.7082
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a = 20, LE; = 2.8014
Bao &4t b=4, LE; =0 dy, = 2.1492
¢c=32 LE3=-17.7719
a = 10, LE; = 3.3549
Tee Z4 b= 10.629, LE; =0 dr, = 2.1405
c=20 LE3 = —23.8796
a=7, LE; = 1.1949
Y R4 b=2, LE>; =0 dr, = 2.1172
¢c=20 LE3=—10.1932
a = 20,
b—o LE;, = 7.0661
MRS _25’ LE> =0 di, = 2.196
c =
" LE3 = —36.0523
d=15
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FH G AN ELAH G B B R A S B /MBI B394, IF
BEAT EOAL, WAk 3 PR, b B S IR B R AR A2 B
£ 1AM KA.
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ARG 0.12308 —0.10783 0.02892 0.11128 —0.13324 0.02987
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— MM S, B KA Lyapunov F8 0. 4850k
SR TH R G 1 BE LRI Ak, 2 AT R A A
905 ASORIY 5 S SR 1 A TR L U TE [ P TR VR AR R
A SR B BRI B 0 B AR FERE B2 SR B
RS E R

1) %€ — N KB N BT 5 L(1), L(2),

oy L(N), 3% K 340 5 — > m 4E 16 1) &2 4R
X (i), B
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MIEEES d (X (1), X (5)]
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k=0,1,--- (13)
R P [i) 5 X6F 87 TG 3R 2 T) 25 {1 440 XoF L PR e R A ol A2
4 i) 2 ) D P
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£, XL ) SAE E SN
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Z In C{"(r);

i=1

1

) = N T (14)
5) m N1, EEATEPIANERE, K5O (r)

R+ (), 3R HE AU
ApEn = " [¢"(r) — " (r)],

N — o0

ApEn FoR A BEEEREE m B KE BB R, 7~
A A BAE R B, ApEn fH Bk, RIS E] A7 41
RIS 2 FE K

P H8 B T v SR BGE U IsE, 2 N = 2000,
m =2, r = 0.15, 78 5l 3K H AR R G = A2 il
MUFHIRIE i A R p TR 4.

M 4 BT 1 HAN TR R G877 2R BE ML 51 B
X B BTN AR SR, A SCHT 2 407 AR TR LT 41 1
N E AR XK, TR RAME R ET &, 5
A, I X EEAN R R Bt Lyapunov $8 40 4E501T
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R4 RMARG T EREHUF SRR T

ARG X (1) X(2) X(3)
EEEN 0.4306 0.5040 0.4394
Bao £4t 0.5981 0.6258 0.6258
Tee R4t 0.3829 0.4301 0.1889
Y 24 0.5064 0.5731 0.4552
ARG 0.6568 0.7078 0.4576

6 FARGEEGME T8N

BB &R G A 1 O A T B ) B RL AN
P b, DEE— B ISR R SRR

6.1 BgBENEELLZE

A SCH ] — P TR A1) B ELG R A E
)77 3%, w45 B L A5 R ek B4R Bk % B 0
Bk i H R PR ¥ MR IN 4y 3 R N % R 1
BFEATEA N, MG E LS R, R R
Gt BT 45 1 3 AN TR A1) Hh B LGk B2 A4S, I A
B K S TATH M 5 Xy K ST 5
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FFHRFAREA HFiLRAFHEANITLERLEX, F
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P™(i,j) = P(ri, ¢ ). (16)

M (16) AT DUE H, BALJE B EHR Pre 5 i AT
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6.2 BERGEREMELE
FEE R B AT A AL B B AL 5, BRI &
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BB W, FIHRE RS AN3NKEN
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i=1,2,3 (17)
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j:1727"'7M><N7 (18)
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o4 T P 0] it 7 (4 SR 5 o 2 o R A 2R
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Abstract

Lorenz system is one of the most typical chaotic system models, and it has been well studied and widely applied.
In order to obtain more complex structure and dynamic behavior of chaotic attractor for Lorenz system, improving the
Lorenz system has become one of the important tasks in chaotic dynamical system. Therefore, an improved Lorenz system
with complex dynamic behavior is proposed and used to protect image information security. Based on the existing various
improvement Lorenz systems, firstly, a new Lorenz chaotic system is constructed by increasing the control parameters
and modifying nonlinear expression in the existing Lorenz chaotic system; secondly, the mathematical properties of
dissipation, symmetry, and stability in the proposed Lorenz system, which are similar to those in the existing Lorenz
system, Bao system, Tee system and Y system, are investigated by modern differential dynamical system, and the
experimental results of Lyapunov index and random sequence correlation of five different Lorenz systems show that the
proposed Lorenz system has a more complex structure and chaotic dynamic behavior; finally, the discrete pseudo random
sequences generated by five different Lorenz chaotic systems are used for scrambling the pixel position and diffusing the
pixel value to protect image information security. The analyses of correlation and statistic histogram entropy of adjacent
pixels, anti-differential attack and key sensitivity of the encrypted image, indicate that the improved Lorenz system
proposed in this paper has much better potential advantages than other existing improved Lorenz system in image

encryption application.
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